Abstract Cancer is the second leading cause of death among Hispanics. Most of the cancer statistics available both at the state and national levels report cancer statistics for all Hispanics as an aggregate group. The goal of this paper is to provide a population-based overview of cancer mortality among Hispanics (Cubans, Mexicans, Puerto Ricans and other Hispanics) in Florida from 1990 to 2000 and to explore the demographic diversity of this growing ethnic group. The study population consisted of Hispanics and White non-Hispanics who died from cancer. Cancer mortality rates and proportion of cancer deaths by type and age at death for the selected racial/ethnic groups were calculated. Our findings indicate that the cancer death rates of the Hispanic subgroups compared favorably with those of White non-Hispanics and that cancer rates often presented for all Hispanics mask important differences between the different ethnic subgroups that fall under the Hispanic umbrella.
. With this inclusion, U.S. Hispanics gained political and economic leverage to advance and exert influence over state and national policies [9, 10] . The OMB acknowledges that there are no anthropological or biological bases to support these classifications and that they are sociopolitical constructs [11, 12] .
Overall, Florida residents experience similar illness burden and mortality as the general U.S. population. However, the state economy and demographic population composition distinguish the state in several important ways giving rise to a unique set of public health and clinical considerations. Florida's large population is diverse with regard to age, ethnicity and international immigration. These features shape the population's general literacy level, English language proficiency and employment opportunities, which in turn are key variables that affect health status and access to health care. As a gateway to Latin America and the Caribbean, Florida also has a diverse foreign-born population (12.9 % in 1990, and 16.7% of the population in 2000 compared to 11.1% nationally) [13] , with 72.8% of this population born in Latin America. And this is a different experience than other states with large Hispanic populations such as California and Texas. In 1990, the foreign born population in California and Texas were 17.3% and 8.7%, respectively. By 2000, California and Texas had increased their foreign born population to 23.5% and 13%, respectively. In 2000, Hispanics comprised over 54.8% of the foreign born population in California, whereas in Texas Hispanics comprised 74.7% of the foreign born. In total, Hispanics comprise over 30% of the populations of California and Texas. The overwhelming majority of Hispanics are of Mexican descent (83% in Texas and California vs. 16% in Florida) [7] underscoring the need to make state-by-state inter-ethnic comparisons.
Hispanics in Florida have a similar annual death rate to Hispanics nationwide for all cancer sites combined (130.6/ 100,000 vs. 129.1/100,000, respectively). While morbidity and mortality rates for all-cancer sites in Florida are similar to the general U.S. population, some cancer-specific morbidity and mortality rates differ. For example, cervical cancer incidence is higher in Florida than in the United States [14] . The breast cancer mortality rate in Florida is the third highest in the nation [14] . Even though the average annual age-adjusted death rates for lung, breast and colorectal cancer are lower for Hispanics compared to other ethnic groups, the rates are higher for Hispanics in Florida than the national Hispanic averages [15] . In 1999, during the study period, cancer accounted for 24% of all deaths in Florida [16] .
Similar to other cancer data collection systems, the Florida Cancer Data System (FCDS) relies on medical records which often do not include information on country of origin for Hispanic patients. The surveillance, epidemiology and end results (SEER) datasets collected by the National Cancer Institute categorize individuals as Hispanic using a variety of methods including birthplace, last name, and self-identification of Hispanic ethnicity. However, cancer incidence rates from SEER for Hispanic subgroups are generally not available. To date, several studies have explored cancer incidence and mortality differentials between all Hispanics and White non-Hispanics in Florida [2, 3, [17] [18] [19] . By drawing no distinction among the different Hispanic subgroups researchers extrapolate data from one Hispanic subgroup to another where this extrapolation may not always be valid and, in fact, may be misleading [20] .
However, none of these studies has compared all site cancer mortality rates among Cuban, Mexican, Puerto Rican, all other Hispanic and White non-Hispanic racial/ ethnic groups in Florida. Our study is the first to disaggregate Florida Hispanic groups and reveal considerable differences in the mortality experience of Florida Hispanics. Specifically, it will provide answers to the following questions: (1) Do cancer mortality rates differ between Cubans, Mexicans, Puerto Ricans and all other Hispanics and (2) How do the cancer mortality rates of each of these Hispanic subgroups compare to those of non-Hispanic Whites?
Given the complexity of these categories, the U.S. Hispanic population serves as an illustrative example to explore heterogeneity found within ethnic groups. Despite shared characteristics (language and relative youth), considerable differences exist among Hispanics, particularly with regard to median age, household size, education and family income [21] . In Florida, Cubans are the largest Hispanic group (32%) followed by Puerto Ricans (18%), Mexicans (13%), and other Hispanics. During the 1990s, the numbers of immigrants from other Latin American countries increased (Columbians, Dominicans, Nicaraguans), further diversifying the Hispanic population of the state [6] . In 1993 all states began recording Hispanic ethnicity on death certificates, except for Oklahoma, which began in 1997 [3] . Despite some studies showing a Hispanic favorable advantage in cancer mortality compared to White non-Hispanics [5, [21] [22] [23] [24] , there is no single source of reliable data on cancer rates, mortality or survival for Hispanic subgroups [25] . We seek to fill this gap and compare cancer mortality rates across Hispanic subgroups and non-Hispanic Whites.
Methods

Study Population
The study population consists of Florida residents aged 25 
Data Sources
Death certificates for the years 1990-2000 were obtained from the National Vital Statistics System supported by the NCHS and deaths were defined with International Classification of Disease codes (ICD) according to the ICD-9 for the years 1990-1998 and then with ICD-10 codes for date from 1999 to 2000. Age, race, Hispanic ethnicity and origin, educational attainment, place of birth, and marital status were retrieved electronically for each cancer death identified. Identification of Hispanic ethnicity is based on the information recorded on the death certificate following one of two formats recommended by the National Center for Health Statistics [26] . For the group classified as all other Hispanics, the following death certificate categories were combined; ''Central or South American'' and ''other or unknown Hispanic''. It is estimated that more than 99% of deaths occurring in the U.S. are registered in this system. However, Hispanic mortality rates are slightly understated (by less than 10%) because of net underreporting of Hispanic origin on the death certificate [27] .
Calculation of Rates and Analysis
We calculate cancer mortality rates using the direct age adjustment method. State specific mortality rates for cancer deaths were calculated from all cancers types combined for each ethnic group in this study. Annual cancer deaths (numerators) and population counts (denominator) for 5-year age groups beginning with individuals 25 years of age were summed for the selected ethnic groups by gender for the study period 1990-2000. These data were calculated using the 2000 standardized population age distribution [28] . Average annual age adjusted cancer mortality rates for the years 1990-2000 were also calculated. In addition, descriptive statistics on the demographics of decedents were calculated.
We then calculated proportions of cancer deaths due to the top cancers for all years combined (1990 through 2000) for each ethnic group and reported for the decedents. By Table 1 ).
Differences in Hispanic Mortality
Considerable demographic differences exist among the Hispanic decedents. The median age at death was 72 years for White non-Hispanic women and men whereas it was 60 years for Mexican women. Death certificate data show that the majority of Cubans (98%), and Puerto Ricans (91%) were born in their homeland compared to 53% of Mexicans. Among Cuban decedents, 40% report having an elementary education or less and 37% report having some high school or high school diploma. Consistent with other studies, Mexicans had the least educational attainment with 51% report having an elementary education or less. A large majority of the decedents in the Hispanic subgroups were categorized as White (98% of Cubans, 99% of Mexicans, 98% of Puerto Ricans, 93% of other Hispanics). In Table 2 , the percent change refers to the extent to which the rate increases or decreases over the 10 year period. The figures are arrived at by comparing the initial (or before), e.g., 1990 rate and final (or after) 2000 rate. Age-adjusted cancer mortality rates for our Hispanic groups ranged from 56 to 363 deaths per 100,000 (See Fig. 1a and b) . For each group, the cancer death rates were higher for men than for women. Cuban men have the highest cancer mortality rates compared to White nonHispanic men. Of all the Hispanic groups, Mexican women and men have the lowest death rates (Fig. 1a and b) . Overall, the cancer death rates of the subgroups compare favorably with those of White non-Hispanics but given the range of mortality rates for the subgroups, it is clear that important differences exist between the different Hispanic ethnic subgroups.
White non-Hispanic men had the highest cancer mortality rates which show a steady decline since 1992. The mortality rate for White non-Hispanic women is higher than the death rate for all Hispanic women; however, for all Hispanic women the rate shows a steady downward trend. Cancer rates for Mexican men and women peak sharply in 1991/1992 and 1995 for men and women followed by a steady decline until 1997. At this point, rates start to increase again. The lack of a discernable pattern could be attributed to the relative small number (n = 636) of Mexican decedents.
Death Rates by Anatomic Cancer Site for Hispanic Subgroups
Our Hispanic subgroups substantially varied in terms of deaths by anatomic cancer site. Mexican women had the highest percentage (9.1%) of cancer deaths due to cervical cancer compared to the women in the other ethnic groups (1.6-4.3%). The proportions of cancer deaths due to breast cancer were similar across our Hispanic subgroups (17.7-20.5%) ( (3%). These results must be interpreted with caution because although the proportion of deaths due to a certain cancer may be higher for particular subgroups, it does not mean the age-adjusted rates will be higher.
Cancer Mortality and Age
Cancer death rates considerably increase with age, but a different pattern emerges when Hispanics are disaggregated (Fig. 2) . 
Discussion
To our knowledge, our study is the first to disaggregate Florida Hispanic groups and to reveal considerable differences in cancer mortality. Our findings are congruent with other research results that compared mortality rates among some of the selected Hispanic subgroups outside of Florida [5, [22] [23] [24] [29] [30] [31] [32] [33] [34] . The highest cancer mortality rates were among White non-Hispanic men followed by Cuban men; whereas the lowest mortality rates were found among Mexican women. Overall, Cubans displayed a cancer mortality profile similar to White non-Hispanics. Observed mortality differentials may be partly explained by differences in cancer screening rates across Latino subgroups [35, 36] . Mexican women report the lowest rates of recent screening [37] which may contribute to the higher proportion of deaths due to cervical cancer and higher rates of cancer death at younger ages found in our Florida sample of Mexican women. This is in stark contrast to the situation reported when Hispanics are aggregated in one group as reported by the Florida Behavioral Risk Factor Surveillance Survey (BRFSS). In 2004, the Florida BRFSS reported that 89% of Hispanic women have had a pap smear [38] . In terms of mammography screening, the same report shows that 57% of Hispanic women have had a mammogram. As access to care is one of the strongest predictors of regular screening and early detection of cervical cancer, the excess mortality experienced by this group may be partly explained by the fact that Mexicans have the least access to health care coverage and services of all Hispanic groups [25] .
Mortality patterns among subgroups must be considered within the context of political economics and culture. Cuban, Puerto Rican and Mexican immigration patterns are distinct from one another and reflect important changes in U.S. migration policy. For example, a recent study found that nearly two thirds of Puerto Ricans, 67.5% of Cubans, 55.6% of Mexicans and 53.1% of all Hispanics had lived in the United States for over 15 years [39] . Researchers suggest that lifestyle and diet changes are attributable to acculturation to mainstream U.S. culture and that changes in health related behaviors as acculturation increases are associated with higher health risks [40, 41] . Rosenwaike suggests that lower cancer mortality among selected Hispanic subgroups relative to White non-Hispanics persist because of healthier lifestyle patterns [21] or death at younger ages before many cancers are detectable.
Current research highlights that most peer-reviewed literature focuses on socio-cultural and behavioral factors that impact health [34, 35, [42] [43] [44] . Although Hispanics have lower incidence rates for cancers they are more likely to have larger tumors and/or metastatic disease at the time of diagnosis [3, 45] . Possible explanations for late stage diagnoses include low rate of medical insurance coverage [45, 46] , lack of knowledge about services, limited access to and use of cancer screening programs [36, [45] [46] [47] [48] poverty and other complex sociocultural and geographic factors that contribute to healthcare disparities [49, 50] . A recent study found that relative to non-Hispanic Whites, Mexicans, South and Central Americans and Puerto Ricans had a 1.4-to 3.6-fold greater risk of presenting with stage IV [51] . Moreover, Ramirez et al. [52] examined women's breast and cervical cancer knowledge, attitudes and screening behaviors in various Hispanic subgroups [46] . Study findings indicated that Puerto Ricans had the least knowledge about Papanicolaou smear guidelines and found that knowledge was significantly related to age, income, education, language and recent screening history.
Regarding health behaviors important variations among the Hispanic subgroups have also been noted in the literature. For example, smoking preferences and frequencies have been reported to vary between Latinos and Anglos [53, 54] and within Latinos (30% of Cuban women are smokers versus 14% of Puerto Ricans and 9% of Mexicans) [55] . There is also evidence of differences in alcohol consumption patterns [56, 57] . Recent studies have observed an increase in body weight during the year after cancer diagnosis which is linked to recurrence and reduced survival [58] [59] [60] [61] [62] [63] . Obesity is higher among Latinas than non-Hispanic Whites but also varies substantially by country of origin (19% of Cubans are obese versus 32% of Puerto Ricans and Mexicans versus 21% of non Hispanic whites) [55] .
Without disaggregated analyses, initiatives in cancer control and prevention are fated to be misdirected and misinformed. To illustrate, the cancer mortality rate (all sites combined) for Hispanic men for 1997 was 285 per 100,000 but for Mexicans it was 180 per 100,000 whereas it was 262 per 100,000 for Puerto Ricans and 328 per 100,000 for Cubans. Cancer mortality rates among Mexicans in our sample were similarly lower than rates for White non-Hispanics Cubans, Puerto Ricans, and all Hispanics combined, despite the reported lower life expectancy, access to care, educational attainment and socioeconomic status. The second lowest mortality rates were found among Other Hispanics. These findings partly support the ''salmon bias'' migratory hypothesis proposed to explain the lower U.S. Hispanic mortality rates compared to White non-Hispanics [64] . According to this hypothesis, seriously ill Hispanics may return to their country of origin to die which would result in ''statistically immortal'' [65] . Hispanics as the U.S. does not keep record of foreign deaths. The hypothesis has received partial support from some researchers, especially regarding foreign-born Mexican and Other Hispanics [66] but not from others [67] . This underscores the importance of collecting relevant data on Hispanics (e.g., country of origin, birthplace) and of reporting health statistics by meaningful subgroups (e.g., foreign-born versus not) in order to get an accurate picture of health outcomes of diverse ethnic groups such as the U.S. Hispanic population.
Limitations
Misclassification of ethnicity is always a potential methodological problem [68] . The findings reported in this paper are subject to the following limitations. First, comparison of cancer death rates between racial and ethnic groups, particularly those involving groups other than Whites or Blacks, should be interpreted with caution because ethnicity and race are rarely classified uniformly on medical records or death certificates [69] . Thus, cancer rates are biased downward, leading to an under-representation of cancer for the population [70, 71] . Second, the data on death certificates are usually provided by the funeral director or physician who reports the race/ethnicity of the individual with information from a family member or from observation [72] . However, a recent study found a high accuracy of birthplace information that was obtained from death certificates for Hispanics [73] . Third, it has also been reported that causes of deaths for minorities are more likely to be misclassified as ''symptoms, signs, and illdefined conditions'' than they are for Whites [74, 75] . Fourth, the National Longitudinal Mortality Study (NLMS) indicated an underreporting of deaths for Hispanics, including Mexicans, Cubans and Puerto Ricans [72] . Fifth, mortality rates for Hispanics are also affected by under coverage of the population during the census [25, 70, 71, 76] . Sixth, accuracy in the cause of death in cancer patients may also contribute to misclassification bias [77, 78] . Another limitation is that some of the rates are based on small number of cases, which should be interpreted with caution, and that the descriptive cancer statistics reported here are only for the state of Florida and may not be generalizable to all Hispanics in the United States.
Implications for Researchers and Clinicians
From 1990 to 2000, there was a 70% increase in the Hispanic population in Florida. The largest percent increase was seen among Mexicans and Hispanics from Central and South America. Population estimates indicate that the Hispanic population in Florida could be over 4 million in 2010. Due to the fast growth of the Hispanic population, the categories used to report cancer data and statistics need to expand and include other information for Hispanic subgroups living in Florida and the United States because their demographics and socioeconomic status differ, and these differences affect health [70] . Our future research will include the exploration cancer site-specific mortality rates for each of the selected ethnic groups and calculation of national cancer death rates to have a more complete picture of the state of cancer mortality among various Hispanic subgroups.
Many cancer interventions and research programs are guided by cancer incidence and mortality statistics. In 1991, Rosenwaike stressed the ''pressing need for more accurate, current, and comprehensive data for specific ethnic groups'' [21] . Discerning cancer incidence and mortality rates by ethnic subgroup is a first step in determining the cancer prevention and control activities that are needed to better address the cancer needs of all Hispanics. Healthy People 2010 reports the cancer death rate per 100,000 for Hispanics was 123.7 using 1998 as baseline with a goal of overall reduction in cancer deaths by 21%. Consideration of intra-ethnic heterogeneity in cancer control prevention efforts can possibly hasten the goals of Healthy People 2010 and also provide a more culturally competent approach to cancer control and prevention.
